Abstract this work investigates the behavior of porous alumina ceramics (within the porosity range of 18% to 70%) when subjected to deformation by compression and shear. the analysis of straindeformation curves showed that there was a transition from a typically brittle state for relatively dense ceramics (≤20% porosity), to a pseudo-plastic one with a high rate of porosity (above 50%). the values of the modulus of elasticity, shear modulus and Poisson's ratio decrease with an increase in volume in the pore space of Al 2 o 3 ceramics, which correlates with the appearance of multiple cracking during the deformation of ceramics with a high level of porosity.
structure and mechanical property of porous ceramics based zirconia and alumina.
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Introduction
It is known that the porosity of brittle materials can have significant influence on their physical (mechanical, thermal, electrical) properties. Young's modulus, shear modulus and Poisson's ratio are essential parameters in the studies of advanced material mechanics [1] [2] [3] . In addition, the macroscopic behavior of ceramics can vary from brittle to quasi-plastic depending on the pore space volume [3] . That is why the investigation of the evolution of deterioration in a brittle porous material at different levels of scale and the subsequent damage depending on the deformation rate, constraint, etc. is of considerable interest [4] [5] [6] [7] [8] [9] in terms of the emergence of a structural hierarchy of deformation and failure in similar brittle materials (ceramics, stones).
The objective of the work is to study the relations between parameters such as porosity, compressive strength, Young's modulus, shear modulus, measured in the process of mechanical loading under compression and shear, as well as structures of damage and deformation in alumina ceramics.
Experimental materials and methods
Al 2 O 3 ceramics with different porosity values (18%-70%) were made of powders obtained via thermal decomposition of aqueous nitric-acid metallic salt solutions in high-frequency discharge plasma [10] . The initial powders and a 3% polyvinyl alcohol solution were pressed by a hydraulic press under 10 kN/cm 2 pressure in steel die molds in order to obtain cylindrical (10 mm in diameter, 15 mm in height) and cubic (10 mm each side) shapes. 
ábra Az 1400°С -(a, c) és 1600°С -(b, d) hőmérsékleten szinterelt Al 2 O 3 kerá-miák anyagszerkezete a pórusokkal (a, c) és pórusméret eloszlása (b, d)
Sintering was performed in air at temperatures ranging from 1000 to 1650 °С with an isothermal exposure time of one hour. The density of the sintered specimen was measured using the geometrical method. Residual porosity was calculated from the ratio of theoretical density to measured density, considering the phase composition of the obtained materials. The material structure after sintering was studied by optical metallography.
The specimens were exposed to mechanical tests in compression and shear by an universal testing machine Instron 1185, with simultaneous recording of the loading diagram. The traversal (loading) rate was 0.2 mm/min. On the σ-ε curves, a straight-line segment was outlined which corresponded with elastic deformation. Effective modulus of elasticity (E) and shear modulus (G) were defined as the angle of a tangent line slope to a straight-line segment of the σ-ε function curve.
Results and discussion
Investigations of ceramics structure after sintering showed that in specimens sintered at low temperatures, high porosity was observed and these pores were advantageously interpenetrating. The pore structure of Al 2 O 3 ceramics sintered at 1400°С and 1600°С is shown in Fig. 1.a,b . With an increase in sintering temperature, along with decrease in pore space volume, an increase in the average pore size was observed (Fig.  1.c,d ) due to the consolidation of fine pores into larger ones. According to X-ray structure analysis data, at all sintering temperatures Al 2 O 3 is in a stable α-phase.
The comparison of σ-ε diagrams, obtained after testing ceramics with different porosity levels in compression, showed that their behavior depends on the pore space volume. The σ-ε curve analysis of 20% porous ceramics proved that they are linear functions until material destruction, (Fig. 2.a) while deviations from the linearity (Fig. 2.b) are observed in ceramics with a higher porosity of 20% to 50% in the area of high stresses. 
. Stress-strain diagrams obtained by tests in compression (curve 1) and shear (curve 2) for Al 2 O 3 with porosity of: (a) -20% (b) -50%. (c) Stress-strain diagram obtained by tests in compression for alumina ceramics with a pore space volume over 60%. (d) Stress-strain diagram obtained by tests in shear for alumina ceramics with a pore space volume over 60%. 2. ábra A 20% (a) és 50% (b) porozitású Al 2 O 3 kerámiák mért feszültség-deformáció diagramja nyomás (1 görbe) és nyírás (2 görbe) esetén; valamint a 60% porozitású kerámia feszültség-deformáció diagramja nyomás (c) és nyírás (d) esetén
Deformation diagrams of ceramics with porosity over 50% had a more complex behavior. The compression test curves mostly had a gradually descending stress arm (Fig. 2.c) which appear due to microdamages accumulated in the samples whereas the shear test curves had a slightly ascending arm after the stress fall curve portion which resulted from the stress growth ( Fig. 2.d) .
Observations of specimen structure after compression tests identified some differences in the nature of damage of ceramics with different porosities. In specimens with 18%-20% porosity, brittle fracturing of elastic specimens occurs after elastic energy accumulation. Due to elastic energy release, the specimen fully breaks down after reaching the compression strength limit. With a growth in pore space volume, damage of more localized nature is seen in ceramics and specimens do not fully break down after reaching the compression strength limit and, in general, do not lose the ability for future deformation. Specimens with a porosity near 40% after compression tests are shown in Fig. 3.a,b . It is visible that on the lateral surface of cylindrical specimens, cracks formed at a 45° angle to the applied load axis (Fig. 3.a) . In such ceramics, a damage zone in the form of a truncated cone with a cone angle of about 45° forms after compression, while the cone basis lies almost in a static capture plane (Fig. 3.b) . The deformation process of 50%-70% porous ceramics is accompanied with the appearance of multiple cracks directed primarily parallel to the loading axis (Fig. 3.c) on the lateral surface of the cylindrical specimen. In addition, the base diameter of the cone forming in the deteriorating specimen was relatively smaller in size compared to denser ceramics (Fig. 3.b) , while the cone's taper angle was approximately 45° (Fig. 3.d) .
In the course of shear tests, specimens with ≤40% porosity demonstrated the emergence of a main crack which was angled 45° towards the applied load (Fig. 3.e) . The main crack appeared at the deformation stage right after the elastic part on the straindeformation curve. In specimens with porosity over 40%, the deformation process was accompanied with the emergence of many fine cracks in different directions without the explicit main crack until the stage of complete destruction (Fig. 3.f) . Fig. 3.b shows that on the edges of the specimen there are areas of material separated by developing cracks from the ceramic base, in which deformation from compression occurs. It is known that cracks appear at the location of deformation, in the most damaged areas of the material [11] . In the case when stress is formed by an incline towards the compression of the damaged area, tension related to the presence of friction between the grip (plate) of the testing machine and adjacent ends of the sample plays a significant role in the failure [12] . Accordingly, the formation of cones inside of the collapsed samples (Fig.  3.c,d ) due to the presence of friction forces and the destruction of ceramics under compression is controlled by shear stresses.
It is also known that the orientation of cracks depends on the accumulated strain limit value, or dilatancy (micro-crack saturation and their openings) [11] . As each pore is a potential source of microcracking in a porous material, and with the increase in the number of pores in a specimen, the number of such sources naturally grows, then the observable distinctions in the direction and behavior of crack spread in different porosity level ceramics (Fig. 3) are apparently the result of differing levels and natures of accumulated deformation in the form of microcracks that appear after compression and shear.
Studies of the mechanical and elastic properties of ceramics showed that within the studied intervals of pore space volume (from 0.18 to 0.72), the strength limit in compression and shearing, as well as the modulus of elasticity and shear modulus decrease with an increase in porosity (Fig. 4) . In addition, the dependency of changes in strength properties on porosity is well-described by the law, and is near exponential.
As it is seen in Fig. 4 .c, the absolute values of the modulus of elasticity and shear modulus grow closer with an increase in porosity, which shows a decrease in Poisson's ratio. It should be noted that in our case there is only a decrease in Poisson's ratio values. Determining the absolute values of Poisson's ratio in the process of mechanical testing was complicated, as experimental error constituted a value of ±0.3. An identification of Poisson's ratio by measuring the rate of longitudinal and latitudinal sound waves [13] in the ceramics performed with the use of an ultrasound flaw detector showed that values for Poisson's constant decreased from 0.21 to 0.15 with a growth in pore space volume of 20% to 40%.
The fact that Poisson's ratio decreases with an increase of pore space volume was previously noted in several publications [1, 13] . In [13, 14] it was shown that for porous isotropic bodies, the values of Poisson's ratio depend on the pore space volume, pore geometry and Poisson's ratio values for a pore-free material state (µ 0 ). For materials with µ 0 >0.2 (including aluminа ceramics), it is theoretically predicted and experimentally proven that there is a decrease in the values of Poisson's ratio with an increase in pore space volume for ceramics with different pore geometry [13, 14] .
The decrease of values for Poisson's ratio with an increase in pore space volume can be explained by nonlinear elasticity, which similar porous ceramics display under mechanical loading [15, 16] . Furthermore, local deformations due to relative movements and deformations of its structural components play an essential role in the deformation of objects with a similar complicated internal structure, noticeably changing the elastic properties of metals [1] .
Conclusions
The analysis of stress-strain curves of porous alumina ceramics (within the porosity range of 18% to 70%) showed that during deformation in compression and shear, there was a transition from a typically brittle state for relatively dense ceramics (≤20% porosity), to a pseudo-plastic state with a high porosity level (over 50%).
The values of the modulus of elasticity, shear modulus and Poisson's ratio all decrease with an increase in pore space volume of Al 2 O 3 ceramics, which correlates with the appearance of multiple cracking in the course of the deformation of highly porous ceramics.
It was shown that during deformation in compression, the failure process was controlled by shear stresses, which leads to the formation of damage in the shape of cones in the internal volume of the specimen, the size and location of which depend on the pore space volume.
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